A method for the determination of six organochlorine pesticides in human serum is proposed. Serum samples containing in vitro spiked pesticides ((~-HCH, ~-HCH, y-HCH, p,p'-DDE, o,p'-DDT, and p,p'-DDT) were used to evaluate the method. The method involved pesticide extraction from a serum-silica suspension with n-hexane-acetone (9:1), extract purification using alumina-column chromatography, and analysis of the final extract using gas--liquid chromatography with electron-capture detection. Mean recoveries for the pesticides spiked from 1 to 7.5 ng/mL ranged from 82 to 97%; for those spiked from 4 to 30 ng/mL, recoveries ranged from 85 to 99%; and for those spiked from 20 Io 150 ng/m/, recoveries ranged from 80 to 87%. The method is simple and rapid, requires a minimum of reagents and solvents, and provides high recovery values.
Introduction
Organochlorine pesticides are widely used against numerous insects all over the world, but the application of some of these compounds for crop protection is banned in many countries. Although the use of most organochlorine pesticides has been eliminated in Brazil, DDT and HCH continue to be permitted in the control of disease-carrying vectors. The nature of these compounds to accumulate in the human body is well known. Organochlorine residues have been determined in adipose tissue (1, 2) , in blood (3, 4) , and even in the milk of humans (5, 6) . Many studies have used blood rather than adipose tissue because blood is the most accessible matrix for assessing pesticide residue concentrations in humans.
The methods currently used to determine organochlorine residues in blood samples involve direct hexane extraction (7, 8) and pretreatment of the sample with formic acid before the extraction (9) . None of these methods includes cleanup of the extract to remove coextractives prior to gas-liquid chromatographic analysis. Other methods (10) (11) (12) , in which methanol was used for serum deproteination before extraction and column chromatography with silica gel or Florisil or
Reagents
Solvents. n-Hexane, acetone, and methanol (Merck) were pesticide-grade quality. Isooctane (Fisher) was analytical-grade quality. All solvents were checked for interfering residues by gas chromatography after a 40-fold concentration.
Adsorbents. Silica gel 60 (70-230 mesh; Merck) was washed with distilled water and methanol. The gel was heated at 130~ for 24 h and returned to room temperature in a vacuum desiccator; it was deactivated by adding deionized water to constitute 1% of the weight of the silica gel plus water. Alumina 90 neutral (70-230 mesh; Merck) was heated at 600~ for 4 h, then returned to room temperature in a vacuum desiccator and deactivated by mixing it with 4.6% deionized water. The adsorbents were stored in stoppered containers in a desiccator and kept tightly sealed for 24 h before use. Blank analyses were performed in order to check the presence of interfering compounds (adsorbents, solvents, and glassware).
Standards. Reference standards of all pesticides used in this study were 98-100% pure and were gifts from the Environmental Protection Agency (Triangle Park, NC). Standard pesticide solutions were made up in isooctane, except the spiking solutions, which were made up in acetone. All solutions were stored at-18~
Apparatus
A Varian 3300 gas-liquid chromatograph equipped with a glass column (2 m x 2-mm i.d.), which was packed with 1.5% OV-17-1.95% QF-1 on 80-100 mesh Chromosorb W-AW-DMCS, a constant current 63Ni electron-capture detector (ECD), and a Varian 4290 integrator were used for qualitative and quantitative chromatographic analyses.
The operating conditions were as follows: injector temperature, 230~ column temperature, 200~ detector temperature, 300~ nitrogen flow rate, 30 mL/min; ECD range, 10; ECD attenuation, 16 and 32; and chart speed, 0.5 cm/min.
Sample collection
Blood samples were collected by venipuncture. The blood was allowed to clot, and the serum was extracted. Serum samples were then stored frozen at -18~ until analysis.
Preparation of fortified samples
Fortified serum pools were prepared by adding appropriate aliquots of the six-component organochlorine pesticide spiking solutions to 10.0-mL pools; they were allowed to mix for 30 min at room temperature.
Analytical procedure
Extraction. To a test tube containing 1.0 mL of serum were added 0.5 g silica gel (1% H~O) and 2.0 mL n-hexane-acetone (9:1, v/v); the mixture was swirled briefly with a glass rod. The resulting suspension was extracted three times with 3.0 mL n-hexane-acetone (9:1), and the extracts were combined in a 25-mL Kontes tube. The tube was attached to a Snyder microcolumn and placed in a 75~ water bath, and the extract was reduced to 0.5 mL.
Cleanup. A glass chromatographic column (200 • 10-mm i.d.) was prepared by adding the following (in order): a small plug of glass wool, n-hexane to a height of 30 mm, and 2.0 g 4.6% deactivated alumina as a slurry. The column was tapped gently, and the n-hexane level was adjusted to just above the alumina layer. The serum extract was added to the top of the column. The Kontes tube was rinsed three times with 0.5 mL n-hexane, and its contents were added to the column. The flow rate was adjusted to 2.0 mL/min, and the elution was processed with 20 mL n-hexane. The eluate was collected in a 100-mL roundbottom flask and concentrated to 0.5 mL using a rotary evaporator. The final extract was reconstituted to an appropriate volume (1-5 mL) with isooctane for gas chromatographic analysis. A schematic representation of the procedure is presented in Figure 1 .
Gas chromatographic analysis
Suitable aliquots (2-5 laL) of serum extracts and standard solutions were injected into the gas chromatograph in the following sequence: two standard runs, four sample runs (two fortified and two unfortified), and two standard runs. The percentage recoveries were calculated by comparing the average chromatographic peak areas of standard, fortified sample, and unfortified sample. 
Results and Discussion
The developed method consisted of three main steps: extraction, cleanup, and gas chromatographic analysis. It was based on an on-line methodology previously described for DDT analysis in serum (13) . Because the on-line method had shown low recovery results for ~-HCH, y-HCH, and 13-HCH, a decision was made to perform the extraction and the cleanup in separate stages. This modification provided better extraction results for HCH isomers and maintained the results obtained for DDT and DDT metabolites with the on-line method.
In this procedure, the serum was not transferred to the top of the alumina column, and the weight of silica gel used corresponded to the exact measure to yield a homogeneous sus- pension. The elution of the pesticides from the column was processed with n-hexane instead of n-hexane-acetone (9:1). The optimum activity of silica gel for the recovery of pesticides was investigated by varying the water content: 0, 1, and 5%. The best recovery results were obtained when 1% of water was added to the silica (84-106%).
Because the experimental conditions had been established, the efficiency of the proposed method was evaluated by means of a recovery study at three concentrations. The fortification concentrations for each serum pool and the mean recovery values of the added pesticides are shown in Table I . Recoveries ranged from 82 to 97% for pesticides spiked from 1 to 7.5 ng/mL; recoveries ranged from 85 to 99% for those spiked from 4 to 30 ng/mL; and recoveries ranged from 80 to 87% for those spiked from 20 to 150 ng/mL.
HCH isomers had good recoveries (82-94%) in contrast to data obtained with the on-line method (29-74%). One of the main steps in obtaining high recoveries and good reproducibility for these pesticides was the evaporation of the organic solvent to dryness. The concentration step was performed as described in the Materials and Methods section in order to minimize their loss. Figure 2 illustrates gas chromatograms of a blank, extracts of a serum sample and a fortified serum sample, and a standard solution. These chromatograms clearly demonstrate the efficiency of the proposed method in providing adequate elimination of interfering compounds.
The method presented provided an appropriate purification of the extracts and reproducible and good recovery values. These results indicated the viability of the method in assessing the serum concentrations of the selected pesticides in occupationally exposed and unexposed people. 
